Purpose: This study investigated a novel gamma camera for molecular breast tomosynthesis (MBT), which is a nuclear breast imaging method that uses limited angle tomography. The camera is equipped with a variable angle, slant-hole (VASH) collimator that allows the camera to remain close to the breast throughout the acquisition. The goal of this study was to evaluate the spatial resolution and count sensitivity of this camera and to compare contrast and contrast-to-noise ratio (CNR) with conventional planar imaging using an experimental breast phantom. Methods: The VASH collimator mounts to a commercial gamma camera for breast imaging that uses a pixelated (3.2 mm), 15 9 20 cm NaI crystal. Spatial resolution was measured in planar images over a range of distances from the collimator (30-100 mm) and a range of slant angles (À25°t o 25°) using 99m Tc line sources. Spatial resolution was also measured in reconstructed MBT images including in the depth dimension. The images were reconstructed from data acquired over the À25°t o 25°angular range using an iterative algorithm adapted to the slant-hole geometry. Sensitivity was measured over the range of slant angles using a disk source. Measured spatial resolution and sensitivity were compared to theoretical values. Contrast and CNR were measured using a breast phantom containing spherical lesions (6.2 mm and 7.8 mm diameter) and positioned over a range of depths in the phantom. The MBT and planar methods had equal scan time, and the count density in the breast phantom data was similar to that in clinical nuclear breast imaging. The MBT method used an iterative reconstruction algorithm combined with a postreconstruction Metz filter. Results: The measured spatial resolution in planar images agreed well with theoretical calculations over the range of distances and slant angles. The measured FWHM was 9.7 mm at 50 mm distance. In reconstructed MBT images, the spatial resolution in the depth dimension was approximately 2.2 mm greater than the other two dimensions due to the limited angle data. The measured count sensitivity agreed closely with theory over all slant angles when using a wide energy window. At 0°s lant angle, measured sensitivity was 19.7 counts sec À1 lCi À1 with the open energy window and 11.2 counts sec À1 lCi À1 with a 20% wide photopeak window (126 to 154 keV). The measured CNR in the MBT images was significantly greater than in the planar images for all but the lowest CNR cases where the lesion detectability was extremely low for both MBT and planar. The 7.8 mm lesion at 37 mm depth was marginally detectable in the planar image but easily visible in the MBT image. The improved CNR with MBT was due to a large improvement in contrast, which outweighed the increase in image noise. Conclusion: The spatial resolution and count sensitivity measurements with the prototype MBT system matched theoretical calculations, and the measured CNR in breast phantom images was generally greater with the MBT system compared to conventional planar imaging. These results demonstrate the potential of the proposed MBT system to improve lesion detection in nuclear breast imaging.
INTRODUCTION
Nuclear breast imaging using 99m Tc-sestamibi and a dedicated gamma camera has demonstrated the potential to complement mammography in women with radio-dense breasts. 1, 2 This procedure has been referred to as molecular breast imaging (MBI) or breast-specific gamma imaging (BSGI) depending on specifics of the camera design (semi-conductor-based camera with MBI, pixelated NaIbased with BSGI). Wider application of nuclear breast imaging, including use as a screening tool with a reduced administered radiation dose, requires improved imaging methods to assure satisfactory image quality with the inherently low-count data.
Tomographic methods have been investigated for improving image quality in nuclear breast imaging due to the improved contrast-to-noise ratio (CNR) that is generally present in 3D images compared to planar images. Two general approaches that have been investigated for 3D nuclear breast imaging involve either imaging the pendant breast with the patient lying prone on a dedicated scanner table 3, 4 or imaging the breast under mild compression similar to x-ray mammography. 5, 6 The former approach allows a compact camera to rotate around the breast to achieve complete, or nearly complete, angular sampling. Multimodal imaging is possible in this case by combining the camera with a dedicated breast CT system. 7 With the latter approach, projection data are acquired with the camera rotating only over a limited angular range, similar to digital breast tomosynthesis (DBT). This approach has been referred to as molecular breast tomosynthesis (MBT), and a recent phantom study found improved CNR with MBT compared with planar imaging methods. 8 Multimodality imaging is readily possible with this approach by combining MBT and DBT systems on a single gantry. 6 An advantage of this approach is the capability for on-board biopsy.
The tomographic nuclear breast imaging system investigated here employs the MBT approach. The unique aspect of the system is the variable angle, slant-hole (VASH) collimator, which was originally proposed for limited angle cardiac SPECT. 9 The VASH collimator consists of a stack of tungsten plates, each containing an identical array of holes created by photo-etching. Shearing the plates like a deck of cards creates a slant-hole collimator with varying angle. Rather than rotate the camera around the breast, the VASH collimator allows the camera to remain stationary and flush against the breast while acquiring limited angle, tomographic data. Proximity to the breast is key to ensure the best trade-off in spatial resolution and count sensitivity. Additionally, the stationary camera simplifies the system mechanics. An alternative design for generating a variable angle, slant-hole collimator has been proposed, which uses several rotating collimator modules. 10 Our previous work theoretically analyzed the MBT system with VASH collimator and demonstrated with Monte Carlo simulations the advantages of the system relative to a conventional parallel hole collimator in terms of CNR in the reconstructed images. 11 Based on these studies, a prototype VASH collimator was designed and fabricated for use with a commercial nuclear breast imaging camera. The goal of this study was to evaluate the spatial resolution and count sensitivity with the prototype MBT system and to compare the system with conventional planar imaging in terms of lesion contrast and CNR using an experimental breast phantom. The measured spatial resolution and sensitivity were compared with theoretical calculations.
MATERIALS AND METHODS

2.A. VASH collimator
The VASH collimator contains 49 tungsten plates, each approximately 0.265 mm thick, creating a collimator thickness of 13 mm. The tungsten plates have square holes, which are 1.35 mm on a side, with 0.25 mm septa for a hole pitch of 1.6 mm. Figure 1 shows a scaled sketch of a segment of the VASH collimator in cross-section at a 25°slant angle.
The collimator mounts to a small field-of-view gamma camera (Dilon 6800, Dilon Technologies, Newport News, VA, USA). The Dilon 6800 detector has a 15 9 20 cm active area, corresponding to the nonslant and slant dimensions of the collimator. The NaI(Tl) crystal pixels have a 3.2 mm pitch, which is exactly twice the collimator hole pitch. The septa between crystal pixels are close in thickness to the collimator septa (0.3 mm). The effective field-of-view that is seen over all slant angles is reduced in the slant dimension and depends on the distance from the collimator. For example, at 6 cm from the collimator, the field-of-view is reduced to approximately 14.5 cm (assuming a AE25°slant angular range). This field-of-view was sufficient to demonstrate the VASH concept; a slightly larger detector in the slant dimension (e.g., 15 9 25 cm) could be used for imaging larger object sizes.
The collimator plates are mounted into a tungsten frame that is attached to the camera body. This frame rigidly supports all collimator components including the plates, push blocks, threaded drive mechanism, and stepper motors (described below). The frame properly shields the sensitive area of the detector from gamma rays that do not pass through collimator holes.
The mechanism for shearing the tungsten plates utilizes four sliding blocks, two on each side of the collimator (Fig. 2) . The side profile of collimator plates, matched with the profile of the sliding blocks, shears the plates in one direction when the two blocks on one side of the collimator slide closer together and the two blocks on the opposite side slide farther apart, as indicated by the arrows in Fig. 2 . Shearing in the other direction is affected by reversing direction of this block motion. This mechanism allows the collimator slant angle to be varied continuously within a range of AE25°. The blocks ride on twin-lead screws, which are driven by a servomotor with a high ratio gear box. The slanting mechanism operates at a speed of 2.2 s/deg.
The production of the plates through photo-etching results in a smooth sliding surface, which is free of burrs and with the septa aligned over the entire field-of-view. Computer controlled electrical discharge machining (EDM) of the side profiles of the plates and the matching sliding blocks produce a precisely matched sliding mechanism to shear the plates. milliamps by the stepper motor controls and is typically in the range of 120-150 milliamps.
2.B. Spatial resolution
Planar spatial resolution of the MBT system was measured using 99m Tc line sources. Two line sources oriented perpendicular to each other allowed measuring spatial resolution in both the slant and nonslant dimensions. The line sources were 0.6 mm internal diameter glass capillary tubes containing approximately 200 lCi (7.4 MBq) of 99m Tc solution. The line sources were imaged at the 0°slant angle over a 30-100 mm range of distances from the collimator in 10 mm increments. The line sources were also imaged at the 40 mm distance over a range of slant angles from À25°to +25°in 5°i ncrements. Acquired images contained greater than 100,000 counts to minimize noise effects. For all spatial resolution measurements, the projection matrix was 80 9 80, the pixel size was 3.2 mm, and the energy window width was 20% (126 keV to 154 keV).
Line spread functions (LSF) were obtained by extracting profiles of the line source images perpendicular to the line orientation using ImageJ (NIH, Bethesda, MD, USA). In order to reduce noise effects, multiple LSF's were obtained across the length of the line source image, and the LSF's were averaged. The LSF's were then fitted with a Gaussian function using the curve fitting application within Matlab (Mathworks, Inc., Natick MA, USA), which minimizes the sum-of-squares error. The full-width-half-maximum (FWHM) was obtained from the Gaussian function. The source size (0.6 mm) was not deconvolved from the measured FWHM values due to the relatively small size of the source compared to the measured FWHM, which was greater than 5 mm for all cases.
The measured planar spatial resolution was compared with theoretical values based on the formulation described in our earlier work. 11 This formulation includes the depth-of-interaction (DOI) effect as a function of slant angle and an estimate of the intrinsic spatial resolution of the detector, which was assumed to be equal to the detector pixel size (3.2 mm). A 1 cm gap between the collimator and the crystal was included in the formulation, and an effective collimator hole diameter was used (1.52 mm), which was the diameter of a circle equal in area to the square hole.
Reconstructed spatial resolution was measured using four line sources mounted to a fixture. The line sources were oriented perpendicular to the collimator slant dimension and positioned at distances from the collimator of 30, 60 (2 line sources), and 90 mm. Data were acquired over 11 slant angles from À25°to +25°with 5°angular increments and an acquisition time of 120 s per slant angle. The projection data were reconstructed using an iterative algorithm described in detail in section 2.E. No postreconstruction filtering was used. Profiles were extracted from the reconstructed image in both the collimator slant ("x") and depth dimensions ("z"); the latter is perpendicular to the collimator face. The profiles were then fitted with a Gaussian function.
2.C. Sensitivity
Count sensitivity of the MBT system was measured using a 99m Tc disk source consisting of a petri dish containing approximately 800 lCi of 99m Tc solution. Images were acquired over 11 slant angles from À25°to +25°with 5°a ngular increments and an acquisition time of 100 s per slant angle. Two energy window settings were used: a 20% wide photopeak window (126-154 keV) and an open energy window (5-511 keV). The total counts in each image were obtained and divided by scan time and activity to obtain count sensitivity in terms of counts per second per lCi.
The measured sensitivity was compared to theoretical values using Anger's formula for the geometric sensitivity (counts per emitted gamma) of a parallel hole collimator:
where d, l, and t are the VASH collimator hole diameter (1.35 mm), hole length (13 mm), and wall thickness (0.25 mm), respectively, and K is a constant equal to 0.28 for the square collimator hole design. 12 To obtain the theoretical counts per second per lCi, the value for g is multiplied by 0.88 (gammas per decay for 99m Tc) and 37,000 (decays per second per lCi). This model assumes that all gammas that are incident to the scintillation crystal interact in the crystal and contribute to the measured count rate. Our previous analysis predicts that the geometric sensitivity decreases with slant angle h by a cos 3 h factor. 
2.D. Lesion contrast and CNR
Lesion contrast, noise and contrast-to-noise ratio (CNR) were measured in reconstructed MBT images of a customized breast phantom and compared with planar BSGI images with equal acquisition time. The breast phantom is shown in Fig. 3 including dimensions. The phantom thickness (6.3 cm) is comparable that used in recent nuclear breast imaging studies (6.0 cm 8 and 7.2 cm 13 ). The phantom contained fillable Plexiglas spheres serving as lesions (Fig. 3, right) . The phantom lesions and background were filled with 99m Tc solution to obtain a 20:1 lesion-to-background ratio. This ratio has been used in previous investigation of MBT 8 and is based on clinical MBI studies. 13 Lesion diameters of 6.2 mm (0.125 ml) and 7.8 mm (0.25 ml) were used, and both sizes were imaged at depths in the phantom of 5 mm, 22 mm and 37 mm and 53 mm. Multiple measurements (4) were performed for both lesion sizes at all four depths for statistical analysis.
The breast phantom was placed directly on the collimator surface for the acquisitions so that the lesion depth was equivalent to the lesion-to-collimator distance. Acquisition parameters included an 80 9 80 projection matrix, 3.2 mm pixel size, and 20% wide energy window (126 to 154 keV). For MBT, 11 projection angles were acquired over a À25°to +25°slant angle range with 5°increments. For BSGI, the collimator was fixed at the 0°slant angle.
The acquired count density was chosen to be representative of clinical nuclear breast images. A range of clinical count densities have been reported including approximately 900 counts/cm 2 for an MBI camera with 10 min. acquisition and 740 MBq injected dose 13 and 2,600 counts/cm 2 for a BSGI camera with 10 min. acquisition and 814 MBq average injected dose. 8 The present study uses an acquired count density of approximately 1000 counts/cm 2 in the planar BSGI image. MBT and BSGI used equal scan times. As a result, the total measured counts in the MBT data were 10% less than the total counts in the BSGI image due to the decrease in count sensitivity with slant angle for the VASH collimator.
Contrast, noise and CNR were defined in a manner previously described:
where L is the average lesion pixel counts, B is the average background pixel counts, and r B is the standard deviation of background pixel counts. These measurements were made using the ROI capabilities within ImageJ. Circular ROI's were used for the lesions with the circle diameter equal to the actual lesion diameter. High count images were used to accurately determine the lesion locations. To get the average background counts, annular-shaped ROI's were used that surrounded the lesion. For the MBT method, the ROI measurements for a given lesion were performed only within a single 2D slice of the 3D image matrix. The slice plane was parallel to the collimator face (x-y plane) and through the center of the lesion. When the ROI diameter is only a few pixels, it is desirable to include a fraction of a pixel's intensity for those pixels partially within the ROI. This was accomplished by increasing the matrix size in the 2D slice image from which the ROI measurement was obtained from 80 9 80 to 320 9 320 by pixel replication (and increasing the ROI diameter in pixels accordingly). This ROI technique has been previously employed.
8 Figure 4 shows example ROI's for a lesion and background with a BSGI image.
2.E. Image reconstruction and processing
Acquired projection data were reconstructed using the iterative ML-EM method. 15 The algorithm was customized for the unique geometry of the VASH collimator. The projection and backprojection operations within the algorithm employed a voxel-driven approach and linear interpolation in the projection space. The algorithm was terminated after 100 iterations; no attempt was made to optimize the iteration stopping point. The algorithm assumed ideal spatial resolution and no attenuation or scatter effects. The reconstructed array in the slice plane was 80 9 80 with a voxel width equal to the projection pixel width of 3.2 mm.
Following reconstruction, the 3D breast phantom images were processed with a 3D Metz filter 16 in order to partially recover spatial resolution and to control noise. The Metz filter function is:
where s = (s x ,s y ,s z ) is the 3D spatial frequency vector, MTF(s) is the modulation transfer function, and N is a parameter that controls the extent to which the filter follows the inverse MTF before rolling-off to zero. The MTF was the Fourier Transform of the measured point spread function (PSF) at a representative distance to collimator of 4.5 cm. This PSF was a 3D Gaussian function with 8.9 mm FWHM in the x and y dimensions (parallel to collimator face) and 11.1 mm FWHM in the z, or depth, dimension (perpendicular to collimator face). The parameter N was chosen to be 5 based on a subjective assessment of the trade-off between spatial resolution enhancement and noise control.
RESULTS
3.A. Spatial resolution
Figure 5 (left) shows the planar spatial resolution (FWHM) as a function of distance to collimator for the 0°s lant angle. There is generally good agreement between the measured and theoretical spatial resolution. Figure 5 (right) shows the planar spatial resolution in the slant and nonslant dimensions as a function of slant angle for the 40 mm (perpendicular) distance to collimator. In the nonslant dimension, the theoretical FWHM is constant with angle and equal to that in the slant dimension at the 0°angle. 11 The measured values in the nonslant dimension are within 0.5 mm of theoretical. The difference could be attributable to error in the measured line source-to-crystal distance. In the slant dimension, the theoretical FWHM increases with absolute value of slant angle due to the DOI effect. 11 This effect accounts for approximately 0.7 mm increase in FWHM at the 25°angle.
The measured values in the slant dimension are within 1 mm of theoretical. The increased values at small slant angle may be attributable to inaccuracy in the Gaussian model used as the fitting function: the RMS error in the fit was substantially greater for smaller slant angles. Figure 6 (left) shows the reconstructed image of the four line source phantom in the x-z plane. The position of the camera is indicated at the bottom of the image. The image is shown in the x-z plane in order to illustrate the blurring in the z, or depth, dimension. The decreased intensity of the line sources at greater z distances is due to the spatial resolution degradation with distance. The plot on the right is the measured FWHM as a function of distance to the collimator (the result at 60 mm is the average of the two lines sources at that distance). The plot shows the extent to which the FWHM is larger in the depth dimension due to the limited angle acquisition. There is roughly a 2.2 mm difference in the FWHM between the x and z dimensions over the range of distances to the collimator.
3.B. Sensitivity
The sensitivity results are shown in Fig. 7 . The sensitivity using the open energy window agrees well over all slant angles with the theoretical calculation, which assumes that all gammas that are incident to the scintillation crystal interact in the crystal and contribute to the observed count rate. The predicted cos 3 h factor with slant angle is observed. The sensitivity using the photopeak window was approximately 60% of that using the open window across all slant angles. This difference is likely due to incident gammas that either do not interact in the crystal or scatter in the crystal and escape resulting in partial energy deposition. The experimental error associated with the sensitivity measurements is extremely small: for the smallest measured count rate (8.45 counts sec À1 lCi À1 ), the standard deviation based on Poisson statistics was approximately 0.01%, or 0.12%. Figure 8 shows images of the breast phantom with the 7.8 mm lesions at the four distances (5, 22, 37, and 53 mm). The MBT images are slice planes through the lesion center. The gray bar to the left illustrates the gray scale mapping function for all breast phantom images. The MBT images demonstrate improved qualitative contrast over the BSGI image. The detectability of the lesion at 37 mm distance is particularly improved in the MBT image. The noise character differs noticeably between BSGI and MBT. The BSGI image exhibits the uncorrelated Poisson noise that is expected in a projection image; the MBT image exhibits correlated noise due to the reconstruction process and postreconstruction filtering. The apparent increase in noise in the MBT images with increasing lesion distance reflects the decrease in lesion intensity relative to background. Figure 9 shows the results of the contrast and CNR measurements for the 7.8 mm lesion at the four distances. The contrast results (Fig. 9, left) confirm the advantage of MBT in this regard at all lesion distances. The CNR results (Fig. 9,  right) show differences between methods that are less than the contrast differences due to the greater noise magnitude with MBT. However, MBT had significantly greater CNR at an alpha level of 0.05 at all four distances. The unpaired, two-tailed t-tests on CNR differences between methods at the 5 mm, 22 mm, 37 mm, and 53 mm distances gave P-values of 0.0033, 0.0075, 0.0041, and 0.0384, respectively.
3.C. Lesion contrast and CNR
The greater contrast with MBT is further illustrated in Fig. 10 , which shows example breast phantom images containing three 6.2 mm lesions at 5 mm distance to the collimator (Fig. 10, left, middle) . Also shown are profile plots of the image intensities through the lesion centers (Fig. 10, right) . The profiles have been normalized to have equal peak intensity. The greater lesion contrast in the MBT image is evident in the images and profiles. The noise is also greater in the MBT image although the display of the high contrast MBT image makes the background intensities, and their variation, appear small. Figure 11 shows the results of the contrast (left) and CNR (right) measurements for the 6.2 mm lesion for all but the 53 mm distance (the lesion was not detectable at this distance even in the high count images). MBT had significantly greater CNR compared to BSGI only for the 5 mm distance (alpha level of 0.05). At the 22 mm and 37 mm distances, the CNR was less than 3, and the lesion was essentially undetectable in the images from both methods. The unpaired, twotailed t-tests on CNR differences between methods at the 5 mm, 22 mm, and 37 mm distances gave P-values of 0.0014, 0.699, and 0.0954, respectively. Figure 12 shows example MBT images of the breast phantom with the 7.8 mm lesion in x-z slice planes (slant and depth dimensions). The three images are at slice positions corresponding to the lesion centers at 5 mm (left), 22 mm (middle), and 37 mm (right) distance. The images illustrate the degree to which the blurring is greater in the depth dimension due to the limited angle nature of the data with MBT. contrast, which out-weighed the increase in noise magnitude. The improved contrast resulted from reducing the effect of superimposed background activity that is prominent in planar imaging.
The VASH collimator employed here has the attractive feature of allowing the camera to remain stationary and in close proximity to the breast during the tomographic acquisition. This collimator concept could be employed in alternative nuclear breast imaging systems including the dual-head CZT-based systems.
As the slant angle increases with the VASH collimator, the potential for septal penetration increases due to the reduced overlap in the septa of adjacent plates. This effect can be mitigated with thinner plates. For the plate thickness in this collimator, a 25°maximum slant angle was used. Incorporating larger slant angles could improve reconstructed spatial resolution in the depth dimension due to the improved angular sampling range, although the increased DOI effect with slant angle would be expected to negatively impact spatial resolution. At the 25°slant angle for 140 keV energy with NaI crystal, the DOI effect is relatively small and results in approximately 0.7 mm increase in the theoretical FWHM (Fig. 5, right) .
While CNR provides image quality metric that is relatively easy to measure, a more thorough evaluation of image quality should include human observer studies to measure receiver operating characteristic (ROC) curves. Not considered by the CNR metric is the effect of noise correlation and the potential for increased false positive rates as a result. In the planar images, the noise is uncorrelated; however, in the MBT images the noise is correlated due to the reconstruction process. Another potential area of concern is the effects of scatter photons from out-of-field activity-such as from the heart, liver, or chest wall-which was not incorporated into the breast phantom in this study. However, previous studies have found that the contribution to the image from these scattered events for the standard 20% energy window and the energy resolution of this detector is minimal. 8, 17 It is difficult to compare in an exact way the results of this study with other MBT studies due to differences in count densities, collimator sensitivities, and phantoms. In Gong and Williams (2015) , for example, the 7.8 mm lesion at 22 mm depth and an equivalent 11 mCi injected dose had a CNR of approximately 12.5. In our study, the same lesion size at 22 mm depth had a CNR of 8.5 but the equivalent injected dose was much smaller. In estimating that decrease from 11 mCi, there is a factor of 0.55 due to the smaller count density in this study (100 counts cm À2 min
À1
. vs. 180 counts cm À2 min
.) and a factor of 0.65 due to the greater geometric sensitivity (g) of the VASH collimator (6.0 9 10 À4 vs. 3.9 9 10 À4 ). Thus, the estimated injected dose for our study is 11 mCi 9 0.55 9 0.65 = 3.9 mCi. In their study, the 6.2 mm lesion was not detectable at 50 mm depth. In our study at the lower injected dose, the 6.2 mm lesion was essentially not detectable at the 22 mm depth.
When evaluating spatial resolution with the VASH collimator, it is important to consider that the measured spatial resolution in the projection image at slant angles other than 0°is affected by the obliqueness of the photon trajectory relative to the detector plane. Similar to the effect that lengthens shadows cast on the ground as the sun sets in the sky, the point spread function widens with the slant angle by a cosine factor. 11 This widening reverses, however, when the projection image is backprojected along the slant angle during reconstruction. The result is a FWHM spatial resolution in the reconstructed image that is less than that in the projection image (in the slant dimension). This is evident in the results of this study by observing that the reconstructed spatial resolution in the slant dimension (Fig. 6 ) was approximately 1.5 mm less than the projection image spatial resolution (Fig. 5) at the 30, 60, and 90 mm distances.
Incorporating nuclear breast imaging into a routine screening regimen requires a reduction in the administered radiation by roughly a factor of 5 from the standard of approximately 740 MBq. The lower level would decrease the effective radiation dose equal to approximately 2 mammogram studies (1 mSv). Investigation into the effects on image CNR and lesion detectability from lowering the administered dose have found both satisfactory and unsatisfactory results depending on the degree to which the dose is lowered and particulars of the individual cases. [18] [19] [20] The quality of these nuclear images is count-limited, and it is reasonable to expect that any degree of count loss will negatively impact diagnostic accuracy at some margin. Thus, the optimization of the acquisition and processing methods is critical.
CONCLUSIONS
A novel gamma camera has been developed for nuclear breast imaging that uses limited angle tomography or molecular breast tomosynthesis (MBT). The camera is equipped with a variable angle, slant-hole collimator that allows the camera to remain close to the breast throughout the acquisition to improve the spatial resolution/sensitivity trade-off. The measured spatial resolution and sensitivity with this system matched theoretical calculations. In reconstructed images of a breast phantom with lesions, the CNR was measurably better with MBT compared to conventional planar imaging. The improved CNR was due to a large increase lesion contrast, which out-weighed the increase in noise magnitude. 
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